Inhibitory effects of nontoxic protein volvatoxin A1 on pore-forming cardiotoxic protein volvatoxin A2 by interaction with amphipathic alpha-helix.
Volvatoxin A2, a pore-forming cardiotoxic protein, was isolated from the edible mushroom Volvariella volvacea. Previous studies have demonstrated that volvatoxin A consists of volvatoxin A2 and volvatoxin A1, and the hemolytic activity of volvatoxin A2 is completely abolished by volvatoxin A1 at a volvatoxin A2/volvatoxin A1 molar ratio of 2. In this study, we investigated the molecular mechanism by which volvatoxin A1 inhibits the cytotoxicity of volvatoxin A2. Volvatoxin A1 by itself was found to be nontoxic, and furthermore, it inhibited the hemolytic and cytotoxic activities of volvatoxin A2 at molar ratios of 2 or lower. Interestingly, volvatoxin A1 contains 393 amino acid residues that closely resemble a tandem repeat of volvatoxin A2. Volvatoxin A1 contains two pairs of amphipathic alpha-helices but it lacks a heparin-binding site. This suggests that volvatoxin A1 may interact with volvatoxin A2 but not with the cell membrane. By using confocal microscopy, it was demonstrated that volvatoxin A1 could not bind to the cell membrane; however, volvatoxin A1 could inhibit binding of volvatoxin A2 to the cell membrane at a molar ratio of 2. Via peptide competition assay and in conjunction with pull-down and co-pull-down experiments, we demonstrated that volvatoxin A1 and volvatoxin A2 may form a complex. Our results suggest that this occurs via the interaction of one molecule of volvatoxin A1, which contains two amphipathic alpha-helices, with two molecules of volvatoxin A2, each of which contains one amphipathic alpha-helix. Taken together, the results of this study reveal a novel mechanism by which volvatoxin A1 regulates the cytotoxicity of volvatoxin A2 via direct interaction, and potentially provide an exciting new strategy for chemotherapy.